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(57) ABSTRACT 

The invention refers to an arrangement and a method for 
determining a longitudinal position of a stopper for sealing a 
compartment of a translucent medicament container for a 
liquid medicament (M). The arrangement comprises a circu 
lar light source and a photo sensitive sensor, wherein either 
the light source or the sensor is laterally arrangeable next to 
the medicament container extending over at least part of the 
length of the medicament container, and wherein the respec 
tive other of the light source and the sensor is arrangeable in 
a circular manner around a head of the medicament container. 
The light source is arranged to emit light into the medicament 
container. The light is scattered by the medicament or medi 
cament container and detected by the sensor. The sensor is 
connected to a processor unit for detecting the position of the 
stopper). 
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ARRANGEMENT FOR DETERMININGA 
LONGITUDINAL POSITION OF A STOPPER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a U.S. National Phase Applica 
tion pursuant to 35 U.S.C. S371 of International Application 
No. PCT/EP2010/063514 filed Sep. 15, 2010, which claims 
priority to European Patent Application No. 09170689.5 filed 
on Sep. 18, 2009. The entire disclosure contents of these 
applications are herewith incorporated by reference into the 
present application. 

FIELD OF INVENTION 

The invention refers to an arrangement for determining a 
longitudinal position of a stopper for sealing a compartment 
of a medicament container. 

BACKGROUND 

Medicament containers such as Syringes or ampoules usu 
ally comprise a hollow cylinder made of a pharmaceutical 
glass which is inert and chemically resistant against the drug 
stored inside, e.g. insulin. The container is sealed by a stopper 
or bung at one end of the cylinder which can be moved along 
the longitudinal axis of the cylinder in order to displace the 
drug and force it out of an outlet end which may be sealed by 
a piercable membrane. The stopper and the piercable mem 
brane are conventionally made of an elastomere ensuring 
mechanical tightness under defined pressure conditions and 
long term germ impermeability. Other important parameters 
affecting the dimensioning and choice of materials of the 
stopper and the piercable membrane are the maximum force 
expected at the stopper and the number of allowable piercings 
of the piercable membrane. 

Before filling in the drug and sealing the container, the 
quality of the inner surface of the cylinder is improved by 
siliconization, so static and dynamic frictions of the stopper 
are reduced. Furthermore siliconization improves the dosing 
accuracy and reduces the risk of glass particles being 
unhinged from the inner Surface during long term storage. 
DE 102 26 643 A1 discloses a stopper for an injection 

arrangement, the stopper comprising a stopper body, a stop 
per body support attached to a drive member of the injection 
arrangement and a sealing member for sealing a product 
container of the injection arrangement against the stopper 
body, wherein a membrane body is arranged in a cap-like 
manner at a proximal end of the stopper body wherein the 
sealing member is part of the membrane body. A sensor is 
provided for measuring a pressure exerted by the product on 
the proximal end of the membrane body. The sensor may be a 
pressure sensor. 
US 2003/0125670 A1 discloses a medicament cartridge 

comprising a cylinder and a displaceable plunger. The car 
tridge is provided with an electrical element having specified 
electrical properties located on an external face of the 
plunger. The electrical element can take the form of a con 
ductive disk or two conductive rings joined by a resistive pad. 
The device may be equipped with electrical contacts for con 
tacting the electrical element. 
WO 01/56635 discloses a container for a substance, which 

container comprises a coupling element for coupling the con 
tainer with an administration unit for the Substance, and a 
recognition element associated with the Substance. The rec 
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2 
ognition element may be a bar code printed on a package, a 
chip card enclosed in the package or a magnetic card. 
EP 1911479 A1 discloses a drug delivery device with mag 

netic connection between piston and piston rod. The device 
has a retaining Volume for a product, and a piston movable in 
the retaining Volume and/or relative to the retaining Volume 
for discharging the product from the retaining Volume. A 
piston rod is brought in effective connection with the piston. 
A coupling unit is provided in the piston for producing an 
electromagnetic or magnetic effect. The piston rod is pro 
vided with a permanent magnet, which produces an electro 
magnetic or magnetic effect. The piston and the piston rod are 
connected with each other by the coupling unit and the per 
manent magnet. 
WO 9800187 A1 discloses a preparation delivery device 

comprisinga) a container for the preparation having or being 
prepared for the arrangement of an opening, b) a mechanism 
operable to deliver at least part of the preparation in the 
container through the opening, c) attachment means for con 
nection of the container to the mechanism and d) a sensor 
system arranged to detectat least one predetermined property 
of the container or its content. The device comprises a radia 
tion transmitter arranged to irradiate the container position or 
a part thereof, a radiation receiver arranged to receive at least 
an area part of the radiation from the transmitter after the 
radiation has been affected by the container position and the 
receiver being designed to give an output response represen 
tative for the total radiation received from said area part. A 
method for operating the device comprises the step of trans 
mitting radiation towards the container position or a part 
thereof to allow the radiation to be affected by the container 
position, receiving at least apart of the affected radiation from 
at least an area part of the container position in a non-imaging 
way and comparing the characteristics of the received radia 
tion with a predetermined characteristic representative for the 
predetermined property to establish whether or not the pre 
determined property of the container is present. 
US 2009137949 A1 discloses a nozzle assembly for a 

needle-free injection device. The nozzle assembly includes a 
nozzle body including an injectate chamber and one or more 
outlet orifices and a plunger configured to move through the 
injectate chamber toward the one or more outlet orifices. In 
Some embodiments, the plunger includes a first portion and a 
second portion removably joined by a frangible region. In 
Some embodiments, the plunger includes extensions config 
ured to couple the plunger to a drive assembly of a needle-free 
injection device. 
WO 02083209 A1 discloses a pump system for an infusion 

system includes a linear drive which minimizes the space 
occupied by the pump system in a portable housing. A motor 
and a motor drive shaft are arranged in parallel with, and 
adjacent to a syringe and lead screw. A gearbox connects the 
drive shaft and lead screw to transfer rotational movements 
between them. A piston driving member, such as a cone or 
drive nut converts the rotational movement of the lead screw 
into linear motion of a syringe piston. Sensors detect when the 
piston or cone is in a “home' position and in an “end” posi 
tion, respectively. A clamping member selectively clamps the 
lead screw against linear motion in at least a dispensing 
direction. Optionally, a proximity sensor is used to ensure that 
the cone and the piston are abutting during dispensing. 
WO 98.03215 A1 discloses means for optical dose mea 

Surements in Syringes. Measurements of insulin quantities in 
a Syringe are performed optically in an integrated insulin dose 
recorder/blood glucose meter. The Syringe is placed in a 
holder before and after the administration of the dose. Liquid 
quantities in the Syringe are determined by comparing optical 
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response patterns of the Syringe with calibration data stored in 
the device. Dose histories are downloaded to a patient com 
puter for transfer to a clinician's computer. Standard or cus 
tomized syringes (e.g., with marked plungers) may be used. 
Other wave energy carriers such as Sound waves may also be 
used. 
EP 1260244A2 discloses a method of monitoring perfor 

mance of an osmotic drug delivery system comprises 
implanting an osmotic drug delivery device having a movable 
piston in an animal, and determining a position of the 
implanted movable piston within the osmotic drug delivery 
device from an exterior of the animal. The position of the 
movable piston may be determined either by fluoroscopy, by 
X-ray, or by a magnetic gauge. The osmotic delivery device 
preferably comprises an implantable reservoir having at least 
one opening for delivering a beneficial agent contained within 
an interior of the reservoir to an organ of the animal, and an 
osmotic engine causing the release of the beneficial agent 
contained within the reservoir to the animal. 

U.S. Pat. No. 6,068,615 discloses arrangements for induc 
tance-based dose measurement in Syringes. Measurements of 
insulin quantities in a Syringe are performed inductively in an 
integrated insulin dose recorder/blood glucose meter. The 
syringe is placed in a holder before the administration of the 
dose, and the liquid quantity in the Syringe is recorded. Induc 
tors may be situated within the Syringe and/or outside the 
Syringe in various geometries. Standard or customized 
Syringes may be used. Liquid quantities in the Syringe are 
determined by comparing inductive response patterns of the 
Syringe with calibration data stored in the device. Insulin dose 
and blood glucose histories are downloaded to a patient com 
puter for transfer to a clinician’s computer. 

SUMMARY 

It is an object of the invention to provide an improved 
arrangement for determining alongitudinal position of a stop 
per for sealing a compartment of a medicament container. 
The object is achieved by an arrangement with the features 

of the independent claim 1. 
Advantageous embodiments are given in the dependent 

claims. 
In the following the term proximal refers to a direction on 

a medicament container intended for attaching an outlet oran 
injection needle whereas the term distal refers to the opposite 
direction where a cylinder of the medicament container is 
open but sealed by a stopper. 

According to the invention an arrangement for determining 
alongitudinal position of a stopper for sealing a compartment 
of a translucent medicament container for a liquid medica 
ment comprises at least one light source and at least one photo 
sensitive sensor. 

In the context of this specification the term translucent 
refers to a property of a material allowing at least partial 
transmission of light regardless of whether or not the light is 
scattered by the material or not. The term transparent by 
contrast refers to a condition where the light emitted from a 
light source on one side of the material is transmitted in a 
manner to create an image of the light Source on the other side 
of the material, in other words to see through the material. In 
this sense, a transparent material is translucent, whereas a 
translucent material does not have to be necessarily transpar 
ent. 

Either the at least one light source or the at least one sensor 
is laterally arrangeable next to the medicament container and 
extending over at least part of the length of the medicament 
container, preferably over at least almost the entire length. 
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4 
The respective other of the at least one light source and the at 
least one sensor sensor is arrangeable in a circular manner 
around a head of the medicament container, i.e. near a proxi 
mal end. The light source is arranged to emit light into the 
medicament container. The medicament container and/or the 
medicament is arranged to scatter the light so as to allow the 
sensor to detect it. The at least one sensor is connectable to a 
processor unit for processing sensor data. 

In one embodiment the light source may be a circular light 
Source arrangeable around the head of the medicament con 
tainer, wherein an array of photo sensitive sensors is laterally 
arrangeable next to the medicament container. The processor 
unit is arranged to determine the stopper position by detecting 
a light/dark boundary caused by the laterally scattered light 
and the opaque stopper. 

In an alternative embodiment an array of light Sources is 
laterally arrangeable next to the medicament container. Each 
light source emits light with a characteristic distinct from the 
characteristics of the other light sources. The at least one 
sensor is arrangeable around the head of the medicament 
container and able to detect the light of each light source. The 
processor unit has information on the allocation of each light 
Source and its characteristic and its position in the array. The 
processor unit is arranged to: 

detect the characteristics of the light sources, 
determine which light Source is currently emitting light 

into the medicament container, 
conclude, that the light sources whose characteristics are 

absent in the sensor data are currently obscured by the 
stopper, 

determine the stopper position by comparing these conclu 
sions to the information on the allocation of the light 
Sources, their characteristic and their position in the 
array. 

The sensor may be arranged as a ring of sensors around the 
head of the medicament container. 
The characteristic of each light source may be at least one 

wavelength or a range of wavelengths of the light. The char 
acteristic of each light source may also be an individual a 
modulation of the light, Such as a frequency or pattern of 
pulsed light, in order to make the light sources distinguish 
able. 

In order to scatter the light from the at least one light source 
So as to allow the at least one sensor to detect the light, the 
medicament may be a cloudy liquid. Another approach for 
scattering the light could be a non-transparent medicament 
container, i.e. a medicament container, which is translucent 
but not transparent in order to Scatter the light on its outer 
Surface. 
The processor unit may be arranged to determine a remain 

ing quantity of the medicament in the medicament container 
from the longitudinal position of the stopper. 
The arrangement may be part of an injection device. 
In an example embodiment a stopper for sealing a com 

partment of a medicament container has at least one marker 
detectable through a lateral area of the medicament container. 
The stopper may be arranged in the medicament container 
moveably in a longitudinal direction. By detecting a longitu 
dinal position of the marker a longitudinal position of the 
stopper can be determined with high accuracy provided the 
location of the marker with respect to the stopper dimensions 
is defined. Hence a remaining quantity of the medicament in 
the medicament container can be calculated for a given geom 
etry of the medicament container and a given longitudinal 
position of the marker. This allows for an automatic dosing of 
the medicament, e.g. in an electromechanical insulin pen. 
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The marker may be a visual marker arranged in and/or on 
a lateral area of the stopper, the marker being distinguishable 
from the stopper material by its colour, e.g. by means of an 
optical sensor arranged outside the medicament container. 
The visual marker may have the shape of a line or stripe or 

pattern. There may be more than one line or stripe arranged on 
the stopper, preferably in a circumferential direction of the 
stopper's lateral area. Thus the stopper may be rotated with 
respect to the sensor without affecting the accuracy of the 
determination of the longitudinal position. 
The visual marker may be applied, e.g. printed onto or 

embedded into the lateral area of the stopper. 
In another example embodiment the marker is a permanent 

magnet embedded in the stopper. A magnetic marker may be 
detected by a magnetic sensor, such as a Hall sensor. As 
opposed to the visual marker a magnetic marker does not 
require illumination in order to be detectable. Thus the lon 
gitudinal position may also be determined in poor lighting 
conditions or with medicaments which must not be exposed 
to light. 

In yet another example embodiment the marker may be an 
electrically conductible marker embedded in the stopper, e.g. 
an iron core. Such a marker may be detected by inducing an 
electrical current and measuring the consequently altered 
magnetic field. This embodiment may also be used without 
illumination. 
The stopper may be applied in an insulin pen injector, both 

for faster or slower reacting drugs. In this case the medica 
ment container with the stopper is arranged inside the insulin 
pen. The sensoris arranged outside the medicament container 
but inside the insulin pen and connected to a processing unit 
for calculating the remaining quantity which can be displayed 
by an adequate means, e.g. an LED or LC display. The stopper 
may as well be applied in other injection devices and for 
different medicaments, e.g. anticoagulants. 
The stopper according to either embodiment can comprise 

the same materials as conventional stoppers, such as elas 
tomeres. The primary packaging, i.e. the glass cylinder of the 
medicament container may remain unchanged. Design modi 
fications of the ampoule or the injection device are not 
required. 
The medicament container may be a disposable device or a 

reusable device. 
Further scope of applicability of the present invention will 

become apparent from the detailed description given herein 
after. However, it should be understood that the detailed 
description and specific examples, while indicating preferred 
embodiments of the invention, are given by way of illustration 
only, since various changes and modifications within the 
spirit and scope of the invention will become apparent to 
those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a conventional art medicament container with a 
glass cylinder sealed by a piercable membrane and a stopper, 

FIG. 2 is a stopper with a visual marker applied on a lateral 
area, 

FIG. 3 is a stopper with an embedded magnetic marker, 
FIG. 4 is a stopper with an embedded electrically conduct 

ible marker, 
FIG. 5 is a medicament container with a laser triangulation 

sensor arranged behind the stopper, 
FIG. 6 is a medicament container with a mirror arranged 

behind the stopper for deflecting the optical path of the laser 
triangulation sensor, 
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6 
FIG. 7 is a medicament container with a chromatic confo 

cal gauge, 
FIG. 8 is a medicament container with a laterally arranged 

light Source and a laterally arranged sensor, 
FIG. 9 is a medicament container and a stopper with an 

integrated light source, 
FIG.10 is a medicament container with a laterally arranged 

light source and a sensor laterally arranged opposite the light 
Source, 

FIG. 11 is a medicament container with a mirror arranged 
behind the stopper for deflecting the light of a light source 
from behind the stopper to a laterally arranged sensor, 

FIG. 12 is a medicament container with a mirror arranged 
behind the stopper for deflecting the light of a laterally 
arranged light Source to a sensor arranged behind the stopper, 

FIG. 13 is a medicament container with a circular light 
Source arranged around a head of the medicament container 
and a laterally arranged sensor, and 

FIG. 14 is a medicament container with a laterally arranged 
light source and a circular sensor arranged around a head of 
the medicament container. 

DETAILED DESCRIPTION 

FIG. 1 is a conventional art medicament container 1 with a 
hollow cylinder 2 sealed by a piercable membrane 3 and a 
stopper 4. The piercable membrane 3 and the stopper 4 define 
a compartment 5 between for holding a Substance, e.g. a 
medicament M. FIG. 11 shows the location of medicament M 
that is present in each of the cylinders illustrated in FIGS. 1 
and 5-14 having a longitudinal axis L., even though not sche 
matically shown in FIGS. 1, 5-10 and 12-14. The cylinder 2 
may consist of glass. The stopper 4 can be moved along the 
longitudinal axis L of the cylinder 2 in order to displace the 
medicament and force it out of an outlet positioned at head 50 
provided the piercable membrane 3 is pierced. The stopper 4 
and the piercable membrane 3 may be made of an elastomere. 
The medicament container may have a label indicating its 
content, e.g. insulin. 

FIG. 2 is a stopper 4 with a number of visual markers 6.1 
applied on a lateral area of the stopper 4. The visual marker 
6.1 is detectable through a lateral area of the medicament 
container 1 which has to be transparent or translucent for this 
purpose. By detecting a longitudinal position of the visual 
marker 6.1 a longitudinal position of the stopper 4 can be 
determined with high accuracy provided the location of the 
visual marker 6.1 with respect to the stopper 4 dimensions is 
defined. Hence a remaining quantity of the medicament in the 
medicament container 1 can be calculated for a given geom 
etry of the medicament container 1 and a given longitudinal 
position of the visual marker 6.1. 
The marker 6.1 may be distinguishable from the stopper 4 

material by its colour, e.g. by means of an optical sensor (not 
shown) arranged outside the medicament container 1. 
The visual marker 6.1 may have the shape of a line or stripe 

as shown in FIG. 1 or the shape of another pattern. There may 
be only one or any other number of visual markers 6.1. The 
lines or stripes are preferably arranged in a circumferential 
direction of the stopper's lateral area. 
The visual marker 6.1 may be applied, e.g. printed onto or 

embedded into the lateral area of the stopper 4. 
FIG. 3 shows another embodiment of a stopper 4 with an 

embedded magnetic marker 6.2, e.g. a permanent magnet. 
The magnetic marker 6.2 may be detected by a magnetic 
sensor (not shown), such as a Hall sensor. By detecting a 
longitudinal position of the magnetic marker 6.2 a longitudi 
nal position of the stopper 4 can be determined with high 
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accuracy provided the location of the magnetic marker 6.2 
with respect to the stopper 4 dimensions is defined. Hence a 
remaining quantity of the medicament in the medicament 
container 1 can be calculated for a given geometry of the 
medicament container 1 and a given longitudinal position of 
the magnetic marker 6.2. 

There may be only one or any other number of magnetic 
markers 6.2. 

FIG. 4 shows yet another embodiment of a stopper with an 
embedded electrically conductible marker 6.3, e.g. an iron 
core serving as a marker. Such a marker 6.3 may be detected 
by inducing an electrical current and measuring the conse 
quently altered magnetic field. By detecting a longitudinal 
position of the marker 6.3 alongitudinal position of the stop 
per 4 can be determined with high accuracy provided the 
location of the marker 6.3 with respect to the stopper 4 dimen 
sions is defined. Hence a remaining quantity of the medica 
ment in the medicament container 1 can be calculated for a 
given geometry of the medicament container 1 and a given 
longitudinal position of the marker 6.3. 

There may be only one or any other number of electrically 
conductible elements 6.3. 
The stopper 4 may be applied in an insulin peninjector. The 

stopper may as well be applied in other injection devices and 
for different medicaments, e.g. one of an analgetic, an anti 
coagulant, an insulin derivate, heparin, Lovenox, a vaccine, a 
growth hormone, a peptide hormone, a proteine and complex 
carbohydrates. 

There may be more than one compartment 5 and more than 
one stopper 4 in a medicament container 1, e.g. in an injector 
where two or more substances have to be stored separately but 
mixed prior to use. 
The features of the embodiments of FIGS. 2 and 3 may be 

combined with each other, i.e. the stopper 4 may comprise 
both the microchip 6 and the sensitive coating. 

FIG. 5 shows a medicament container 1 with a laser trian 
gulation sensor 9 arranged distally from the stopper 4. The 
laser triangulation sensor 9 illuminates the distal or back side 
of the stopper 4 with a laserbeam thereby creating a light spot. 
This light spot is detected by the laser triangulation sensor 9 
and the distance between the laser triangulation sensor 9 and 
the stopper 4 is calculated by triangulation. The laser trian 
gulation sensor 9 is linearly arranged behind the stopper 4. 

FIG. 6 is a variant of the embodiment of FIG. 5. The laser 
beam from the laser triangulation sensor 9 to the stopper 4 and 
back is deflected by a mirror 10 arranged distally from the 
cylinder 2. The laser triangulation sensor 9 is arranged later 
ally. This embodiment allows for reducing the overall length 
of the arrangement. 

FIG. 7 is a medicament container 1 with a chromatic con 
focal gauge 11 arranged distally from the stopper 4 for deter 
mining the distance between the chromatic confocal gauge 11 
and the stopper 4. The distance is determined by emission of 
white light and measuring the dispersion of the light reflected 
by the stopper 4. 

FIG.8a is a lateral view of another embodiment of a medi 
cament container 1. FIG. 8b is the related cross section 
through the stopper 4. A light sensitive sensor array 7 is 
arranged laterally from the cylinder 2 and parallely aligned. 
The sensor array 7 extends over almost the entire length of the 
cylinder 2. A light source 8 is arranged laterally from the 
cylinder 2 but angularly offset from the sensor array 7 in a 
manner to illuminate the cylinder 2. Two reflective visual 
markers 6.1 are circumferentially arranged on the stopper 4 
for reflecting the light from the light source 8 to the sensor 
array 7. The intensity distribution of the light detected on the 
sensor array 7 indicates the stopper position. The number of 
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8 
visual markers 6.1 can be different from two. The light source 
8 is preferably a surface emitting light source 8 extending 
over at least part of the length of the cylinder 2. 

FIG. 9a is a lateral view of another embodiment of a medi 
cament container 1. FIG. 9b is the related cross section 
through the stopper 4. A light sensitive sensor array 7 is 
arranged laterally from the cylinder 2 and parallely aligned. 
The sensor array 7 extends over almost the entire length of the 
cylinder 2. Two light sources 8 are arranged in the stopper 4 in 
a manner to illuminate the sensor array 7. The intensity dis 
tribution of the light detected on the sensor array 7 indicates 
the stopper position. The number of light sources 8 in the 
stopper 4 can be different from two. 
FIG.10a is an isometric view of another embodiment of a 

medicament container 1. FIG. 10b is a related cross section 
through the cylinder 2 distally from the stopper 4. FIG. 10c is 
a related cross section through the cylinder 2 proximally from 
the stopper 4. A surface emitting light source 8 is arranged 
laterally from the cylinder 2 extending almost over the entire 
length of the cylinder 2 in a manner to shine into and through 
the cylinder 2. Opposite the light source 8 a light sensitive 
sensor array 7 is arranged for detecting the light from the light 
source 8 transmitted through the cylinder 2. The light is 
refracted in the cylinder 2, wherein the refraction index in the 
compartment 5 filled with the liquid medicament proximally 
from the stopper 4 is higher than the refractive index of the air 
filled part of the cylinder 2 distally from the stopper 4. Hence, 
the intensity of light detected by the sensor array 7 proximally 
from the stopper 4 is higher than distally from the stopper 4 
thus allowing determining the longitudinal stopper position. 

FIG. 11 is yet another embodiment of a medicament con 
tainer 1 with a mirror 10 attached distally on the stopper 4 for 
deflecting the light of a light Source 8 arranged distally to a 
laterally arranged sensor array 7. The resulting light spot on 
the sensor array 7 indicates the longitudinal position of the 
stopper 4. 

FIG. 12 is a medicament container 1 with a mirror 10 
attached distally on the stopper 4 for deflecting the light of a 
laterally arranged array 12 of light sources 8 to a light sensi 
tive sensor 7 arranged distally. The array 12 of light sources 8 
extends over almost the entire length of the cylinder 2 and 
comprises a number of independent light sources 8, each of 
them arranged to be controlled independently and having a 
characteristic distinct from any other light source 8 in the 
array12. The characteristic may beat least one wavelength of 
the light or a range of wavelengths. It may likewise be a 
modulation of the light Such as a pulse frequency. Depending 
on the longitudinal stopper position the sensor 7 receives the 
light of one light source 8 or a small number of individual 
light sources 8. Due to the individual characteristic of the light 
of each light source 8 the longitudinal position of the stopper 
4 can be determined. 

FIG. 13 is another embodiment of a medicament container 
1 with a circular light source 8 arranged around a head of the 
medicament container 1 near the proximal end. The light 
source 8 emits light into the cylinder 2 and illuminates the 
medicament in the compartment 5 from the proximal end. A 
light sensitive sensor array 7 is arranged laterally from the 
cylinder 2 and parallely aligned. The sensor array 7 extends 
over almost the entire length of the cylinder 2. The cylinder 2 
and/or the medicament is arranged to Scatter the light so as to 
create a light/dark boundary on the sensor array 7 caused by 
the laterally scattered light and the opaque stopper 4. The light 
may be scattered by the medicament being a cloudy liquid 
Such as cloudy insulin. The light may also be scattered by a 
non-transparent cylinder 2, i.e. a cylinder 2 which is translu 
cent but not transparent. 
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The position of the light/dark boundary on the sensor array 
7 represents the stopper position. The circular light source 8 
may be an array 12 of light Sources 8. 

FIG. 14 is yet another embodiment of a medicament con 
tainer 1 with a laterally arranged array 12 of light sources 8. 
The array 12 of light sources 8 extends over almost the entire 
length of the cylinder 2 and comprises a number of indepen 
dent light sources 8, each of them arranged to be controlled 
independently and having a characteristic distinct from any 
other light source 8 in the array 12. The characteristic may be 
at least one wavelength of the light or a range of wavelengths. 
It may likewise be a modulation of the light Such as a pulse 
frequency. A circular sensor 7 or array of sensors 7 is arranged 
around the head of the cylinder 2. 

Depending on the longitudinal stopper position the com 
partment 5 and the medicament in the compartment 5 is 
illuminated by all or a fraction of the light sources 8. The 
cylinder 2 and/or the medicament is arranged to scatter the 
light so as to allow the sensor 7 or sensor array 7 to detect it. 
The light may be scattered by the medicament being a cloudy 
liquid Such as cloudy insulin. The light may also be scattered 
by a non-transparent cylinder 2, i.e. a cylinder 2 which is 
translucent but not transparent. 

The sensor 7 or array of sensors 7 receives the light of at 
least one light source 8 or fraction of individual light sources 
8. A processor unit (not illustrated) connected to the sensor 7 
or sensor array 7 has information on the allocation of each 
light source 8 and its characteristic and its position in the array 
12. The processor unit is arranged to detect the characteristics 
of the light sources 8, determine which light source 8 is 
currently emitting light into the medicament container 1, 
conclude, that the light sources 8 whose characteristics are 
absent in the sensor data are currently obscured by the stopper 
4, and determine the stopper position by comparing these 
conclusions to the information. 
The longitudinal position of the stopper 4 in the medica 

ment container 1 can be calculated from the determined dis 
tance between the stopper 4 and the respective sensor or 
gauge and a known relative position of the sensor/gauge and 
the medicament container 1. 

The invention claimed is: 
1. A system for use in determining a longitudinal position 

of a stopper within a medicament container comprising, 
a) a translucent medicament container containing a stopper 

and a liquid medicament, where the container has a 
length terminating at a head; 

b) a photo sensitive sensor that is laterally positioned next 
to the medicament container Such that it extends over at 
least part of the length of the medicament container, 

c) a light source positioned in a circular manner around the 
head of the medicament container, where the light 
Source is configured to emit light into the medicament 
container, 

wherein the medicament container is positioned relative to 
the photo sensitive sensor and light source Such that light 
from the light source is scattered to allow the photo 
sensitive sensor to detect the scattered light, and 

wherein the photo sensitive sensor is electrically connected 
to a processor unit. 

2. The system according to claim 1, characterized in that 
the processor unit is configured to determine the stopper 
position by detecting a light/dark boundary on the array of 
sensors caused by the scattered light and the stopper. 

3. The system according to claim 1, characterized in that an 
array of light sources emits light with a characteristic distinct 
from the characteristics of the other light sources and where 
photo sensitive sensor is configured to detect the light of each 
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light Source, wherein the processor unit has information on 
the allocation of each light Source and its characteristic and its 
position in the array, wherein the processor unit is arranged 
tO: 

detect the characteristics of the light source, 
determine which light Source is currently emitting light 

into the medicament container, 
conclude that the light sources whose characteristics are 

absent in the sensor data are currently obscured by the 
stopper, and 

determine the stopper position by comparing these conclu 
sions to the information. 

4. The system according to claim 1, characterized in that 
the characteristic of each light Source is at least one wave 
length of the light. 

5. The system according to claim 1, characterized in that 
the characteristic of each light Source is a modulation of the 
light. 

6. The system according to claim 5, characterized in that 
the characteristic is a frequency or pattern of pulsed light. 

7. The system according to claim 1, characterized in that 
the medicament is a cloudy liquid. 

8. The system according to claim 1, characterized in that 
the medicament container is non-transparent. 

9. The system according to claim 1, characterized in that 
the processor unit is arranged to determine a remaining quan 
tity of the medicament in the medicament container from the 
longitudinal position of the stopper. 

10. A system for use in determining a longitudinal position 
of a stopper within a medicament container comprising, 

a) a translucent medicament container containing a stopper 
and a liquid medicament, where the container has a 
length terminating at a head; 

b) a light source that is laterally positioned next to the 
medicament container Such that it extends over at least 
part of the length of the medicament container, where the 
light Source is configured to emit light into the medica 
ment container, 

c) a photo sensitive sensor positioned in a circular manner 
around the head of the medicament container, 

wherein the medicament container is positioned relative to 
the photo sensitive sensor and light source Such that light 
from the light source is scattered to allow the photo 
sensitive sensor to detect the scattered light, and 

wherein the photo sensitive sensor is electrically connected 
to a processor unit. 

11. The system according to claim 10, characterized in that 
a ring of photo sensitive sensors is arranged around the head 
of the medicament container. 

12. The system according to claim 10, characterized in that 
the processor unit is configured to determine the stopper 
position by detecting a light/dark boundary on the array of 
sensors caused by the scattered light and the stopper. 

13. The system according to claim 10, characterized in that 
an array of light Sources emits light with a characteristic 
distinct from the characteristics of the other light sources and 
where the photo sensitive sensor is configured to detect the 
light of each light source, wherein the processor unit has 
information on the allocation of each light source and its 
characteristic and its position in the array, wherein the pro 
cessor unit is arranged to: 

detect the characteristics of the light sources, 
determine which light Source is currently emitting light 

into the medicament container, 
conclude that the light sources whose characteristics are 

absent in the sensor data are currently obscured by the 
stopper, and 



US 8,773,660 B2 
11 

determine the stopper position by comparing these conclu 
sions to the information. 

14. The system according to claim 10, characterized in that 
the characteristic of each light source is at least one wave 
length of the light. 

15. The system according to claim 10, characterized in that 
the characteristic of each light Source is a modulation of the 
light. 

16. The system according to claim 15, characterized in that 
the characteristic is a frequency or pattern of pulsed light. 

17. The system according to claim 10, characterized in that 
the medicament is a cloudy liquid. 

18. The system according to claim 10 characterized in that 
the medicament container is non-transparent. 

19. The system according to claim 10, characterized in that 
the processor unit is arranged to determine a remaining quan 
tity of the medicament in the medicament container from the 
longitudinal position of the stopper. 
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